Flagellin is a classical pathogen-associated molecular pattern that can evoke a robust immune response. We have demonstrated previously that three full-length flagellins of Treponema pallidum, namely FlaB1, FlaB2 and FlaB3, did have diagnostic value in the serodiagnosis of syphilis. Here, we selected and constructed three recombinant fragments of each complete FlaB, both the conserved N-terminal and the C-terminal region, and the middle variable part, with the goal of exploring fragments unique to Treponema pallidum for use as antigen targets in a fragment-based serological test. The diagnostic performance of fragments was evaluated using different panels of serum specimens (n = 332) by indirect IgG enzyme-linked immunosorbent assay. The data showed that all the conserved fragments exhibited excellent sensitivities (91.1-95.0%) but poor specificities (64.1-78.4%), while the three middle regions demonstrated higher sensitivities and specificities for detecting IgG antibody, with 92.7% and 96.1% for FlaB1M ('B1M'), 91.6% and 94.8% for B2M, and 95.0% and 100% for B3M, respectively. In comparison, the sensitivity and specificity of Architect Syphilis TP was found to be 95.5% and 94.8%, respectively. These findings revealed that the middle portion of each FlaB had epitopes specific for Treponema pallidum and identified B3M as a promising candidate antigen for the serodiagnosis of syphilis.
INTRODUCTION
Syphilis is caused by infection with Treponema pallidum subsp. pallidum, a not-yet-cultivable spiral-shaped bacterium that is usually transmitted by sexual contact with an infected partner or by an infected pregnant woman to her fetus (Stamm and Drapp 2014) . Despite the efficiency of treatment with antibiotics, syphilis remains a global health concern, with an estimated annual incidence of 11 million new cases worldwide among those aged 15-49 years (World Health Organization 2011) . Several regions, such as North America, Western Europe, China and Australia, have experienced the re-emerging of syphilis (Stamm 2016) . In recent decades, the incidence of syphilis among men who have sex with men has been on the rise (Woolston, Dhanireddy and Marrazzo 2016; Ong et al. 2017) . In addition, the lesions of homosexual men with syphilis may increase the risk for acquiring and transmitting the human immunodeficiency virus (HIV) (Buchacz et al. 2008) .
The inability to cultivate Treponema pallidum makes the diagnosis of syphilis challenging and has forced laboratories to seek alternative approaches for diagnostic application. The direct tests, dark-field microscopy or polymerase chain reaction (PCR), are useful aids in the diagnosis of early primary syphilis. Both tests, however, are highly operator-dependent and inapplicable for clinics lacking the fairly expensive instruments. Thus, the diagnosis of syphilis is based mainly on serology. As no single serologic test is sufficient, serodiagnosis of syphilis requires the detection of non-treponemal antibodies and treponemal antibodies. The non-treponemal antibodies, primarily directed against phospholipids, can be measured by the rapid plasma reagin (RPR) test, the Venereal Disease Research Laboratory (VDRL) test, and the toluidine red unheated serum test (TRUST). The treponemal antibodies, mainly directed against T. pallidum polypeptides, can be detected by the fluorescent treponemal antibody absorbed (FTA-ABS) test, T. pallidum hemagglutination assay (TPHA) or the T. pallidum particle agglutination (TPPA) assay. Traditionally, serum samples are first screened with a non-treponemal test and then reactive samples are confirmed with a treponemal test (Tsang et al. 2007; Hoover and Radolf 2011; Morshed and Singh 2015) . While this algorithm is costeffective and reliably correlates the results with infection status (Samoff et al. 2009; Binnicker 2012) , the non-treponemal test as a screening assay has several limitations, including lower specificity, manual operation and subjective interpretation of test results (Binnicker 2012) . With the advent of automated treponemal tests, such as enzyme immunoassays (EIAs) and chemiluminescence immunoassays, utilizing individual or a combination of recombinant lipoproteins TpN15 (Tp0171), TpN17 (Tp0435), TpN44 (Tp0768, TmpA) and TpN47 (Tp0574), some laboratories have begun to employ a reverse algorithm (Hoover and Radolf 2011; Smith et al. 2013) . In this approach, specimens are first screened with treponemal tests (e.g. EIAs), positive samples are then tested with a quantitative non-treponemal assay (e.g. RPR), and then discordant samples (e.g. EIA reactive but RPR nonreactive) are re-screened with a second and different treponemal assay (Centers for Disease Control and Prevention 2011; Lipinsky et al. 2012; Loeffelholz and Binnicker 2012) . However, this algorithm has shown higher false-reactive rates than the traditional one in populations with a low prevalence of syphilis (Centers for Disease Control and Prevention 2011; Binnicker, Jespersen and Rollins 2012). Thus, it is of paramount importance to evaluate highly sensitive and specific recombinant antigens for the serodiagnosis of syphilis.
Flagellin, a classic pathogen-associated molecular pattern (PAMP) protein, has the capacity to trigger robust innate and adaptive immune responses, thus being considered a potent adjuvant for vaccines and immunotherapy (Mizel and Bates 2010; Nguyen et al. 2011 Nguyen et al. , 2013 Zgair and Chhibber 2012) . Flagellin B (FlaB), including FlaB1 (Tp0868), FlaB2 (Tp0792) and FlaB3 (Tp0870), are inner core proteins of the perplasmic Treponema pallidum flagella (Liu et al. 2010) . Our previous study showed that each full-length FlaB does show promise as a valuable candidate antigen in the serodiagnosis of syphilis .
However, the specificity may be insufficient due to the sequence homology between the FlaB protein of T. pallidum and a broad class of flagellins present in a wide variety of bacteria (Norris et al. 1988) . Studies have demonstrated that sequence homology is mainly located at the N-and C-terminal regions of these flagellins (Joys 1985; Norris et al. 1988; Gassmann et al. 1991; Norris 1993) . Thus, with the aim of seeking highly sensitive and extremely specific antigens, we selected and designed three fragments of each FlaB by using bioinformatics software. The diagnostic potential of the recombinant fragments were evaluated by screening sera from various stages of syphilis, potentially crossreactive diseases and healthy individuals. For direct comparison, the performance of Architect Syphilis TP was also tested against the same serum panels.
MATERIALS AND METHODS

Cloning, expression and purification of FlaB protein fragments
The recombinant plasmids of the three FlaB genes used in this study were prepared in our previous study . Based on homology analysis, each full-length FlaB protein was fragmented into three continuous parts, i.e. the conserved N-terminal and C-terminal regions, and the middle variable portion. These nine fragments were cloned and expressed as follows. The regions encoding each fragment were amplified by PCR using the corresponding recombinant plasmids of the complete FlaB as a template. The amplification profile was 94
• C for 5 min, 30 cycles consisting of 94
• C for 30 s, 67
• C for 30 s and 72
• C for 2 min followed by a 72
• C final extension for 5 min. The resulting amplicons were cloned into the prokaryotic expression vector pET-28a (Novagen, Merck Millipore, Darmstadt, Germany), transformed initially into Escherichia coli strain JM109 (Invitrogen, Carlsbad, CA) and selected on Luria-Bertani agar plates containing 50 μg ml −1 kanamycin. The positive clones were confirmed by PCR, restriction enzyme identification, and DNA sequencing. The respective specific primers, restriction endonucleases, amplicon size and predicted molecular weight are shown in Table 1 . In order to express the nine FlaB fragments, the respective recombinant plasmids were re-transformed into E.coli BL21 (DE3) (Novagen). Log phase cultures of the selected clones were induced for 6 h at 37
• C with 0.5 mM isopropyl-β-dthiogalactopyranoside. Bacteria were harvested by centrifugation, lysed in a buffer containing 50 mM Tris-HCl (pH 7.8), 250 mM NaCl, 10 mM imidazole, 20% glycerol, and 1% Triton X-100, and sonicated on ice. Both the supernatant and the pellet were analysed by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). These recombinant His-tagged fragments were expressed as inclusion bodies and purified by affinity chromatography using Ni-nitrilotriacetic acid (NTA) beads (QIAGEN, Hilden, Germany). Briefly, the pellets of broken induced bacteria were firstly dissolved in buffer A (100 mM NaH 2 PO 4 , 10 mM Tris-HCl, 8 M urea, pH 8.0) for 6 h on ice and then added into an NTA agarose column shaking on ice for 5 h. After being washed by buffer A with different pH (8.0, 6.3, 5.9 or 4.5) in sequence, and eluted with buffer A (pH 4.5), these fragments were subsequently dialyzed using renaturation solution (50 mM Tris, 50 mM NaCl, 1 mM glutathione (GSH), 0.5 mM EDTA, 0.2 mM DTT, 0.1 mM oxidized glutathione (GSSG), 30% glycerol, pH 8.35) and then concentrated by PEG 6000 (Solarbio, Beijing, China), the concentrations of recombinant fragments were estimated using bicinchoninic acid (BCA) protein assay kit (Pierce, Rockford, IL). The purity and molecular size were determined by means of SDS-PAGE on 15% acrylamide gels. Western blotting analysis of nine fragments was done with anti-His monoclonal antibody (1:1000 dilution) and rabbit anti-FlaBFL (1:2000; raised against the corresponding full-length FlaB) antibodies as standard protocols.
Serum panels
This study was approved by the Human Ethics Committee of the University of South China and written informed consent was obtained from all the participants. Serum samples collected are divided into three panels (A-C), as follows: panel A, healthy control, included 30 samples submitted to The Second Affiliated Hospital, University of South China (Hengyang, China) for routine screening for syphilis. Then, 179 syphilitic sera belonging to panel B were obtained from patients with primary (n = 44), secondary (n = 70) or latent (n = 65) infections attending The First Affiliated Hospital, University of South China (Hengyang, China) and The First People's Hospital of Huaihua (Huaihua, China) during September 2016 and December 2016. The staging of syphilis was done according to the criteria proposed in the literature Xu et al. 2016) : primary syphilis, typical hard chancre and positive serologic test results; secondary syphilis, generalized rash and lymphadenopathy, and positive serologic test results; latent syphilis, no clinical manifestations and no history of treatment during the previous 2 years, and positive serologic test results.
Panel C, designated as disease control, consisted of 123 serum samples collected from patients suffering from some infections probably resulting in cross-reactivity in syphilis serodiagnostic assays, including Lyme disease (n = 30), leptospirosis (n = 30) and Helicobacter pylori infection (n = 8), hepatitis B virus infection (n = 26), hepatitis C virus infection (n = 11), cytomegalovirus infection (n = 12) and Epstein-Barr virus infection (n = 6). In particular, the causative agents of the former three conditions are flagellated bacteria, of which the former two, Borrelia burgdorferi and Leptospira spp., are also closely related spirochetes. Sera from patients diagnosed with Lyme disease were obtained from the Chinese Centre for Disease Control and Prevention (Beijing, China). Leptospirosis sera were obtained from the Hunan Provincial Centre for Disease Control and Prevention (Changsha, China), and other disease control samples were obtained from The First Affiliated Hospital, University of South China (Hengyang, China). The diagnostic tests used to confirm each of the control samples are listed in Table 2 .
All serum panels were screened by RPR test and TPPA assay in a blinded manner according to the manufacturers' instructions. The serum samples were stored in aliquots at -80
• C prior to use and underwent only three freeze-thaw cycles.
Fragment-based indirect IgG enzyme-linked immunosorbent assay
The indirect IgG enzyme-linked immunosorbent assays (ELISAs) were performed as previously described . The optimal concentrations of FlaB fragments and the ideal dilutions of sera were determined by a chessboard titration approach. Ninety-six-well plates (Costar, Corning, NY) were coated overnight at 4
• C with recombinant fragments at corresponding optimal concentrations in coating buffer (0.05 M carbonate buffer, pH 9.6). After washing three times with PBST (phosphatebuffered saline with 0.05% Tween-20), plates were then blocked with PBSTM (PBST with 5% skim milk) for 2 h at 37
• C. Serum samples were diluted at 1:200 with PBSTM and added to each well. They were then incubated for 1 h at 37
• C. Each plate included samples from patients and healthy individuals, and all samples were tested in duplicate. After being washed five times, they were incubated for 1 h at 37
• C with 1:10 000 dilution of horseradish peroxidase-conjugated goat anti-human IgG (GeneTex, San Antonio, TX). Finally, a chromogenic peroxidase substrate, tetramethylbenzidine (TMB) (Sigma, St. Louis, MO), was added to each well and the reaction stopped after incubation for 15 min at 37 • C in darkness by adding 2 M sulfuric acid. The absorbance at 450 nm was measured using an ELISA microplate reader (Bio-Rad, Hercules, CA). 
Architect Syphilis TP
All serum panels were tested in duplicate on an automatic Architect i2000SR analyzer (Abbott, Chicago, IL) according to the manufacturer's instructions. Architect Syphilis TP is a two-step chemiluminescent immunoassay that employs chemiluminescent microparticle immunoassay technology for qualitative detection of anti-T. pallidum antibodies in human serum or plasma (Marangoni et al. 2013) . The results are measured as relative light units (RLUs), the level of which is associated with the amount of total IgG and/or IgM in the tested sera. Samples with an RLU/cutoff value of ≥1.00 were determined as positive, while those with an RLU/cutoff value of <1.00 were considered as negative.
Statistics
GraphPad Prism 5.0 software (GraphPad, San Diego, CA) was used for statistical analysis of the data. The cutoff values were presented as the mean plus two times the standard deviation of the absorbance values for the uninfected individuals (mean + 2 SD). Samples with absorbance values less than or equal to the cutoff value were defined as negative. A chi-square test was performed to directly compare positive and negative results for each fragment. Differences were considered statistically significant at two-tailed P values of <0.05. The percentage agreement, kappa (κ) coefficients, and sensitivity and specificity with 95% confidence intervals (CIs) were calculated. Result agreement by kappa values is classified as almost perfect (0.81-1.0), substantial (0.61-0.8), moderate (0.41-0.6), fair (0.21-0.4), slight (0-0.2), or poor (<0) (Landis and Koch 1977) .
RESULTS
Preparation and identification of recombination FlaB fragments
The amino acid sequences of three full-length FlaB proteins of T. pallidum have 33-40% identity to that of B. burgdorferi, Leptospira spp., H. pylori, E. coli and S. typhimurium. However, the homology of the N-and C-terminal amino acid sequences of flagellins from the above bacteria exceeded 50% and 60%, respectively. Thus, the homology is greatest at the amino and carboxyl termini of each FlaB, with the middle region showing the most variability. The gene fragments chosen based on the homology analysis results were successfully amplified by PCR utilizing specific primers (Fig. 1) . All His-tagged recombinant fragments were expressed as insoluble inclusion bodies and then subjected to immobilized metal affinity chromatography using Ni-NTA beads. Each purified fragment appeared as a single band and was judged to have a purity of >95% via SDS-PAGE analysis (Fig. 2) , and western blotting showed that each fragment reacted positively to anti-His monoclonal antibody and corresponding antiFlaBFL antibodies (Fig. 3) .
Immunoreactivity of the recombinant FlaB fragments
The sensitivity of each recombinant FlaB fragment was evaluated by screening sera from healthy individuals (panel A) and from different stages of syphilis (panel B). The cutoff values calculated were significantly higher for terminal fragments compared to that of middle regions, of which the minimum value for B3M was 0.27 (Table 4 ). The overall sensitivity for all fragments ranged from 91.1 to 95.0% (Table 4) . No significant differences were detected among the nine fragments (P > 0.05).
To determine the specificities of the fragment-based ELISA, serum samples collected from healthy individuals (panel A) and those with potentially cross-reactive disease (panel C, or disease control) were tested. It is noteworthy that several serum samples from patients with cytomegalovirus and Epstein-Barr virus infection gave faint cross-reactivity in terminal fragmentbased ELISA, whereas some samples belonging to other diseases yielded slightly strong or mild positive responses. These terminal fragments could react with at least five kinds of disease control serum samples; in particular, B2C, the C-terminal of FlaB2, was almost reactive with samples of all kinds, exhibiting the poorest specificity (Table 3) . Depending on the six purified recombinant terminal fragments used, 1-3 of 12 patients with cytomegalovirus infection, 3-7 of 11 patients with hepatitis C virus infection, 0-2 of 6 patients with Epstein-Barr virus infection, 5-15 of 26 patients with hepatitis B virus infection, 1-3 of 8 patients with H. pylori infection, 9-18 of 30 patients with Lyme disease, 3-6 of 30 patients with leptospirosis, and 1-4 of 30 uninfected individuals were positive (Table 3 ). The overall specificity for these six fragments ranged from 64.1 to 78.4% (Table 4) . With regard to the three variable middle fragments, all of which seldom yielded cross-reactivity with the negative control serum samples (panels A and C), the overall specificity was 96.1% for B1M, 94.8% for B2M and 100% for B3M. There are significant differences between B3M and the other fragments (P < 0.05).
Diagnostic performance of Architect Syphilis TP assay
For comparison, the diagnostic performance of Architect Syphilis TP chemiluminescent immunoassay (CIA) was assayed against the same sample set. This automatic CIA exhibited an overall sensitivity of 95.5%, with sensitivities of 93.2%, 97.1% and 95.4% for the detection of primary, secondary and latent infection, respectively. The overall specificity was 94.8%, with three serum samples from uninfected control, two samples from Lyme disease, one sample from a patient infected with Epstein-Barr virus, and two samples from patients infected with hepatitis B virus scoring positive.
Direct comparison of recombinant fragment-based IgG ELISA and Architect Syphilis TP to TPPA assay
Following the testing of 332 serum samples, the percentage of agreement and κ values of the fragment-based IgG ELISA and the Architect Syphilis TP were compared with the TPPA assay, and the results are shown in Table 5 . For the six terminal fragments, the overall percentage of agreements and the κ values ranged from 80.1 to 87.0% and 0.59 to 0.74, respectively. In contrast, the three middle fragments exhibited high consistency with the TPPA assay, with the overall percentage of agreements and the κ values ranging from 93.1 to 97.3% and 0.86 to 0.95, respectively. Finally, the Architect Syphilis TP exhibited 95.2% agreement and a κ value of 0.90. These results indicated that both the middle fragment-based ELISA and the Architect Syphilis TP had almost perfect agreement.
DISCUSSION
An ideal serological test is vital to syphilis diagnosis due to the fact that T. pallidum cannot be cultured in vitro (Mattei et al. 2012; Henao-Martinez and Johnson 2014) . Firstly, the test must be widely available, cheap and easy to perform. Secondly, they should meet the needs of high specificity and sensitivity simultaneously. High sensitivity is the pivotal element required for a For each assay, the cutoff value, sensitivity and specificity are calculated. The 95% confidence interval (CI) of sensitivity and specificity are recorded in the parentheses.
any diagnostic tests, but specificity is also of considerable significance, since false-positive results may cause various unpleasant situations for those involved, such as unnecessary examinations and treatment. Currently, many serological kits for syphilis serodiagnosis are suffering from insufficient specificity that arises from the use of whole-cell extracts or whole proteins. The former contain a variety of proteins and other macromolecules, most of which may influence the results of the assay. The latter contain epitopes that may yield cross-reactivity with those found in the antigens of other bacteria. Clearly, protein fragments containing unique epitopes represent logical alternatives to full-length protein as antigen targets in serodiagnostics as it allows for the elimination of cross-reactive epitopes, retaining only those highly specific for T. pallidum. Flagellins are usually regarded as an effective adjuvant, the significant role of which in serodiagnosis of disease has also been demonstrated in many bacteria (Robinson et al. 1993; Lodes et al. 2004; Wajanarogana et al. 2013) . Little is known about pathogenic mechanism of T. pallidum flagellin when compared to that of other bacteria. McGill et al. (2010) demonstrated that T. pallidum flagellins could react with sera from various stages of syphilis; these findings were subsequently confirmed by Jiang et al. (2016) , who showed that three FlaB proteins harbor excellent sensitivity and high specificity and showed promise as diagnostic candidates for screening syphilis. Generally, the flagellin sequence conserved among pathogenic strains of target disease offers an attractive antigen candidate for serological assay. However, there also exists extensive homology between the FlaB of T. pallidum and flagellin of other bacteria (Titz et al. 2006; Rajagopala et al. 2007) . Direct comparison of the FlaB protein sequence of T. pallidum with those of flagellin from other bacteria demonstrated high degrees of homology, especially the amino and carboxyl termini. In this study, the selected regions that show high or low homology with related regions from other bacteria were amplified by PCR and expressed as recombinant fusion proteins in E. coli. The apparent molecular weights of middle fragments were a little larger than C-terminal fragments, possibly resulting from the post-translational modification process. Unlike terminal fragments, which could react with all kinds of samples including syphilitic and negative control sera, the middle regions confined reactivity to syphilitic serum samples only. Notably, the excellent overall sensitivities for all fragments were comparable and there are no significant differences between B3M and other fragments (P > 0.05). Due to the increased level of antibody binding in healthy control sera, these cutoff values were higher for terminal fragments, reducing the sensitivity of these fragment-based ELISAs. In other words, the sensitivities of terminal fragments should be better and the specificities were actually considerably worse. Regardless of the fact that flagellin fragments located in the same region N-terminal fragments shared high levels of homology (Norris et al. 1988) , there are still slight differences in observed sensitivity. It is possible that the concentration of IgG directed against certain flagellin epitopes varies throughout the course of T. pallidum infection.
The specificity of assays for serodiagnosis of syphilis may be improved using flagellin lacking the cross-reactive N-terminal and C-terminal. Our data showed that the three middle regions were nearly unreactive with sera from the negative control, especially the B3M, the overall specificity value of which was 100%. In contrast, the specificities for terminal fragment-based ELISAs were significantly poor due to cross-reactivity, which occurred more frequently in samples from disease control than in samples from healthy individuals. This phenomenon accorded well with the homology analysis above. Futhermore, cross-reactivity can be caused by any number of environmental, bacterial, viral or other antigens not included in the sequence databases. In particular, it is worth underlining that many samples from patients infected either with hepatitis B virus or hepatitis C virus were positively reactive with terminal fragments compared to a few with the middle regions. These samples that yielded positive reactivity to any fragments were re-screened by RPR and TPPA tests and the results were negative. We found subsequently that many of these patients had hepatocellular carcinoma when referred to medical records. This may be explained by the findings of Fedirko et al. (2017) , who suggested that weakened gut barrier function and subsequent exposure to gut-derived bacterial flagellin may promote hepatocarcinogenesis. Given the fact that there are high levels of homology between FlaB protein of T. pallidum and flagellins of vast gut-derived flagellated bacteria, the larger cross-reactivity rate observed in samples with positive HBV/HCV status is not surprising. When compared to the diagnostic performances of three full-length FlaB proteins in our previous study , the specificity of those terminal fragments was considerably reduced. This is because the specificity differences among fragments was amplified when the whole protein was divided into several fragments. Taken together, our results clearly indicate that the cross-reactive epitopes were located in the highly conserved N-and C-terminal regions of FlaB proteins and the specific epitopes were in the middle regions.
Direct comparison of the diagnostic performances of the recombinant fragment-based ELISA and the Architect Syphilis TP tests is a focus of our study. Our data showed that only B3M, the middle region of FlaB3, exhibited an equal sensitivity (95.0%) to, and a higher specificity (100%) than, this automatic chemiluminescent immunoassay (95.5% for sensitivity and 94.8% for specificity). None of the serum samples from negative controls were found to be reactive by B3M-based IgG ELISA, whereas Architect Syphilis TP exhibited positive reactivity with three samples from healthy individuals, two samples from a patient with Lyme disease, one sample from a patient with Epstein-Barr virus infection, and two samples from patients with hepatitis B virus infection. Just as speculated by some studies (Marangoni et al. 2009 (Marangoni et al. , 2013 , the source of the false positivity of Architect Syphilis TP does not seem to be cross-reactive antibodies to treponemal antigens, but is still unknown. Moreover, the overall percentage of agreement and κ value of B3M are also higher than those of Architect Syphilis TP, indicating that the B3M-based ELISA was in perfect agreement with the TPPA assay. Thus, recombinant fragment B3M may represent an effective candidate antigen for the seroscreening of syphilis.
Our study had some limitations. All syphilitic serum samples were collected from Hunan, China, which is an area with a relatively high prevalence of syphilis. Therefore, effort is needed to explore the diagnostic performance of target fragment in areas with different syphilis prevalence rates and different patient populations. In addition, the serum samples tested here lack the congenital syphilis, therefore it is not suitable for evaluating the serodiagnostic value of fragment-based ELISA for early infection. Evaluations of the efficiency of antigens at all disease stages will improve accuracy.
In conclusion, a novel immune-dominant FlaB fragment, B3M, has been identified that was highly sensitive for detecting different stages of syphilis and extremely specific when assayed against a large panel of negative control serum samples. Additionally, the diagnostic performance of this recombinant fragment equaled or surpassed that of either the full-length protein or Architect Syphilis TP assay with respect to sensitivity and specificity, respectively. However, before B3M can be definitively verified as helpful in the serodiagnosis of syphilis, further studies need to be conducted.
